Basic research by medical students Osmond (1980) stated that medicine is composed of three elements: panacea, or healing: hygeia, or preventive medicine; and dogmatism, which today is called basic science. I would like to describe my own experience with dogmatism and report what I learned during nine months of research as a medical student. Time spent in a laboratory working on unsolved scientific problems provides the student with more than a set of techniques and a body of information: it enables him or her to read medical journals more critically, to understand the nature of scientific thinking and to appreciate the applications and limitations of scientific method.
A recent innovation at the University of Alberta has made it possible for medical students to spend all their elective time during third and fourth years in a basic science or clinical research laboratory. Combined with a summer research project between first and second years, this allows for nine months of research experience during the four years in medical school.
Differences between scientific and humane vocabulary
Before I came to the university I did not realize that scientists use certain common words in a special way. Two such examples in the field of immunology are 'witchdoctoring' and 'meaningful'. For most people witchdoctoring means wearing aboriginal costumes and treating people with chants, spells and potions. For scientists, though, witchdoctoring means empiricism -typically, scientists use the common language in a specialized and highly abstract way. Thus, when we use beta-mercaptoethanol at 10-5 mol/l in our culture medium we are 'witchdoctoring', since we do not really know why it makes the cells survive better.
When most people say 'meaningful' they mean meaningful to themselves as sentient human beings. Events which are biologically meaningful for scientists may be utterly trivial for laymen. Thus the relatively deficient expression of la antigen on neonatal murine macrophages might , be biologically meaningful -that is, it may serve a physiological function -but it has no important subjective meaning to us as laymen. A professor of English might object that the question of the ontogeny of la expression on macro phages is meaningless, that it is a mere question of fact. He would not be sympathetic to the biologist's insistence that la antigen is meaningful.
Unless one has been exposed to scientific modifications of common speech at first-hand, it is easy to perpetuate misunderstanding and perhaps to exacerbate it, with bad effects on the doctorpatient relationship. Misused jargon is often neither scientific nor commonsensical. Too often jargon-laden language deals with neither scientific nor common realities, though it has pretensions to encompassing both.
Nature of an argument
In medical journals one sees evidence that physicians do not value, recognize or understand argument. It is quite possible to pass through medical school never having made a serious study of the nature of argument. This deficiency in medical education surely contributes to the overdependence on 'data' by physicians. How many papers contain data and, for argument and thought, a few platitudes tacked on at the end? How many medical papers contain any real thinking, other than the standard arguments about experimental design? One could ask the same questions about immunological publications, of course. Unfortunately, a format composed of listing the facts and appending a paragraph of common knowledge at the end is utilized by physicians writing on topics ranging from contemporary religious cults to the epidemiology of atherosclerosis. It is as if no other technique of writing is available to physicians -as if they have never learned any other techniques of thought.
If one wanted to argue that the logical and analytical methods of science are derived from classical western philosophy, Bretscher's papers (Bretscher & Cohn 1970 , Bretscher 1977 , 1973 , 1976 would ofTer much supportive evidence. An understanding of the underlying interdependence of humane and scientific modes of thought is a valuable asset for a clinician, since it helps to unify the disparate 'science' and 'art' of medical practice. The science and art are, after all, different specialized growths out of the soil of a common culture. They share nutrients.
Bretscher's papers are rich in examples of the nature of argument. Simply to list the different classes of argument he employs is to see the following: (I) Evolutionary arguments: These are based upon plausibility, reasonableness and common sense. There is no possibility of directly testing a postulated evolutionary event. The event' throws light on the present organization of the immune system (Bretscher & Cohn 1970) .
(2) Arguments from experimental fact: These take the form: this is so, therefore this argument/theory cannot be true. Logicians might represent class 2 thus: ravens are black; ravens are birds; a white bird is not a raven; a black bird may be a raven (Bretscher & Cohn 1970) .
(3) Teleological arguments: A general' method in the Theory of Immune Class Regulation (Bretscher 1977) .
(4) Arguments ofprediction: These take the form : if this theory is true, then such and such will occur under such and such conditions. If these events do not occur something is wrong with the theory (Bretscher 1977) .
(5) Arguments of interpretation: These take the form: the fact is this. The Theory of Immune Class Regulation states the following. Fact I cannot be used as an argument against the). theory -as it might be -because its true significance is this (Bretscher 1973) .
(6) Arguments of speculation: The argument is shown to be plausible but is not linked decisively to any particular fact. This is the general method in 'The Evolution of the Immune System and the Generation of Diversity' (Bretscher 1976). (7) Mathematical arguments (8) Arguments of weight: Here a certain argument or explanation is not supported by a pausible mechanism. The explanation therefore has reduced weight when balanced against an alternative one, e.g. 'it seems impossible to imagine how the correct genes could be handed down to an individual such that he can respond to his sibling's antigens but not to his own' (Bretscher 1976). (9) Arguments of logic: e.g. 'The simplest of such models is the one favoured above in which associative antibody regulates its own synthesis. This argument is somewhat analogous to St. Thomas Aquinas' first cause argument for the existence of God: the existence of anything depends on the existence of other things, and at some stage there must be something, i.e. God, which contains the reason for its own existence.' (Bretscher 1977, P 464) .
A study of Bretscher's papers is a valuable exercise because it demonstrates the diversity of logical tools available for creative scientific thinking. These techniques -even the idea that there are discrete, learnable techniques of thought --are not taught to medical students, and it seems to me that medical journals suffer as a consequence, not just in their scientific sections, but in their social, political and psychological commentary as well.
How biological principles pervade scientific thinking
The picture of scientific thinking one gets from many papers in medical journals is a distorted one. According to this picture science consists of accumulating data, which is itself inert. The next step in scientific study is to manipulate this data from the outside in standard ways with standard statistical tools. Of course, most of the time one gathers the data in an appropriate, predetermined way. Such a procedure is the only effective way to study the clinical, utility of a new drug -the familiar double blind, randomized, placebo controlled, prospective study with statistical analysis and reference to other studies. But should this one method of thinking, with its variants, take up such a large proportion of the pages in most medical journals? Are there not other, radically different yet equally relevant modes of medical thinking?
In the immunology department one gains a sense of science as a living and creative discipline, something very different from the mechanical application of standard tools to data. In truly original research certain principles of biological science pervade all aspects of a project, from experimental design through to the writing of papers, These principles are constantly challenged, reassessed and modified during the discussions, seminars and lectures which are part of the student's research experience. Occam's Razor (the principle that the simplest explanation consistent with the facts is the best explanation), a sense of what is and what is not physiologically plausible, mutation, selection and the Darwinian advantage, teleological considerations and other guiding principles, many no doubt unformulated, guide, limit and chasten the biologist's thinking. This, of course, is the peculiar advantage enjoyed by the scientist as a creative thinker -his work is moulded and disciplined at all points by the imperatives of nature. This moulding is far more subtle than a mere concern for 'making theory fit the facts'. There is in fact always a dynamic tug-ofwar between making the theory fit the facts and makingthe facts fit the theory.
While at medical school, in my experience, one does not necessarily acquire a broader understanding of what science is: Lewis Thomas, writing recently in his 'Notes of a Biology Watcher' (Thomas 1980) , warned of the dangers facing medical research. He said that the demand for quick results and immediate industrial applications, made more pressing by recent developments such as the cloning of DNA and hybridoma technology, could stifle the truly creative science without which such technology would never have come about. If medical students do not gain a first-hand understanding of science as a living discipline, will they be likely to lobby on behalf of Thomas' concern? I think not. Such a first-hand understanding is not acquired by memorizing the urea cycle or the muscles of the forearm -by the so-called 'scientific' training which medical students receive.
Biological determinism
The assumption that man is a machine pervades modern medicine -at our school this applies as much in psychiatry as in gastroenterology. When the medical student's revered role model and authority figure states that man is a machine, what effective counterargument is the undergraduate likely to mount? How much has he learned about argument, scientific or other, in the first place?
There is only one effective counterargument to biological determinism -that is to show that it is biologically unsound. The immunology department can supply such a counterargument. 'Personality traits are inherited', says the psychiatrist (as are all biological traits, runs the assumption). But it is not true that all biological personality traits are inherited. Some are learned. One of the most crucial functions of the immune system is its ability to distinguish between self and foreign. How the immune system learns to make this distinction -how it acquires one of its personality traits -is in fact the central problem of immunology. The ability to distinguish between self and foreign, the majority of immunologists will agree, is learned. There is a genetic component to the process, of course, but learning at the somatic level is indispensable. I will not attempt to review'the experimental evidence.
Determinism is not a necessary consequence of a biological approach to physical or psychiatric disorders. The ability to distinguish between biological fact and deterministic ideology is not taught to medical students. Given the powerful forces working on the medical student to make him a biological determinist, it is important that his or her status as a free thinker be deliberately nourished. A student precommitted to biological determinism will be unable independently to evaluate any evidence which suggests there are limitations to reductionist science. He will therefore be encumbered by false dichotomies between 'science' (composed of hard facts and reductionist doctrine) and 'art' (composed of soft facts and amorphous doctrine). As a final consequence, the student uncritically awed by biological determinism will have a skewed view of the realities of his patient. Such a skewed view of science can be 'cured', in part, by a first-hand experience of science.
Logical limitations to clinical laboratory data
One of the characteristics which distinguishes the research department from the undergraduate lecture theatre is the questioning of assumptions. This critical thinking at the level of axiom is a habit of mind which can be trained -such training is part of the PhD programme in immunology at the University of Alberta. In our clinical training we are certainly taught to think critically, and everyone recognizes the need for a differential diagnosis. But we are not encouraged to question clinical axioms. One such axiom is the assumption that a biological test for schizophrenia would make diagnosis more accurate. At first glance that seems a reasonable assumption, but when the idea is subjected to logical analysis it is seen to be false. Such a logical analysis is not possible with the range of techniques and expertise supplied by a medical education which does not include laboratory research.
Consider a researcher who has devised a means of diagnosing schizophrenia by electroencephalograpy (EEG). Let us say the researcher has 100 patients, numbered in series. Clinically he diagnoses 1-80 as schizophrenic, 81-90 as neurotic, and 91-100 as normal. Then he does EEGs on all 100. Let's say patients 1-80 have an EEG printout characteristic of schizophrenia, 81-90 have other EEG abnormalities and 91-100 have normal printouts. We would be no further ahead in terms of accuracy. But what if the EEG recorded a schizophrenic pattern in patients 1-75 and 85-90? What then? If, on re-examination, we changed our diagnoses to agree with the machine, all that would prove is that our initial examination was careless. No matter what the relative results of EEG and clinical diagnosis, we will never be able to demonstrate scientifically that machine is more accurate than man -this is so because we possess no measuring instrument with which to compare clinician and EEG. Logically and necessarily, because of the nature of scientific measurement, it will never be possible to prove that a laboratory test has increased the precision of psychiatric diagnosis.
Unrestrained, the enthusiasms of biological determinism might lead to a future already favourably anticipated by some; one in which mental patients are diagnosed by machine, treated with drugs and shown to be cured by further laboratory results. But if that future comes about, it will not necessarily be more scientifically based. In fact, it is likely to demonstrate a false belief in the superior precision of machine diagnoses, the complete heritability of all biological traits and its own freedom from ideological dogma. If medicine is to be truly scientific (and also, I believe, humane), it might well consider educating its students in science, rather than just training them. An overdependence on laboratory data, in psychiatry or internal medicine, does not necessarily mean an overdependence on scienceit may in fact indicate a narrow and dogmatic view of science and a correspondingly cramped humanity.
Conclusion
Doctors are lucky people. They are well paid and respected. Throughout history they have been intimately involved in all the great human events: war, famine, plague, catastrophe, marriage, conception, birth and death. They know something of science and something of art. In the modern world, where traditions have disintegrated, the medical profession faces challenges and complexities without precedent, and the doctor-patient relationship is in flux at personal, legal, financial and political levels. At such a time it is all the more important that the physician understands the scientific and humane foundations of his profession. Such an understanding will not be obtained by memorizing or by acquiring technical skills. Although nine months' experience in a research laboratory will not provide 'answers' or any new dogma, it will provide an education, and will therefore better equip the physician, whatever his speciality, to adjust to and to shape a better future. I highly recommend such a research experience to all medical students.
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